In this study, it was to investigate the swelling performance of novel biohybrid composite hydrogel sorbents containing acrylamide/potassium 3-sulfopropyl methacrylate/sodium alginate/bentonite in water and binary mixtures of water-solvent. Novel hydrogels were synthesized with free radical solution polymerization by using ammonium persulfate/N,N,N',N'-tetramethylethylenediamine as redox initiating pair in presence of poly(ethylene glycol) diacrylate as crosslinker. Swelling experiments were performed in water and binary mixtures of water-solvent (acetone, methanol and tetrahydrofuran) at 25˚C, gravimetrically. Some swelling and diffusion properties of the hydrogels were calculated and they were discussed for the biohybrid/hybrid hydrogel systems prepared under various formulations. It has been seen the lower equilibrium percentage swelling ratio values (62% -124%) in all solvent compositions in comparison with the equilibrium percentage swelling ratio values in water (718% -2055%). Consequently, the hydrogel systems developed in this study could serve as a potential device for water and water-solvent binary mixtures.
Introduction
- [8] . Hydrophilic highly swollen crosslinked copolymers called "hydrogels"
are synthesized by free radical crosslinking copolymerization with some multifunctional crosslinkers with some co-monomers including hydrophilic groups for increasing of their swelling capacity. A hydrogel can be defined as a polymeric material that exhibits the ability to swell in water and retains a significant fraction of water within its structure without dissolving. Hydrogels are three-dimensional networks of hydrophilic polymer chains with properties in between liquids and solids. Swelling or water sorption property of hydrogels accounts for a great number of biomedical and technological applications. One of the most interesting features is their capability to swell as well as to shrink depending on their surroundings [8] [9] . Hydrogels that are responsive to specific molecules, such as some physiological fluids or biochemical species can be used as biosensors as well as in drug delivery systems and in aqueous solvent mixtures [10] - [20] . Hydrogels are usually sensitive to the solvent medium composition. When a non-water-miscible solvent is added to the water-swollen hydrogel, it often shrinks or collapses. Depending on the gel chemical structure, the solvent nature and water-solvent composition, the gel shrinkage may be gradual (continuous) or abrupt (discontinuous) [13] - [20] .
For water treatments, the advantages of hybrid hydrogels have been used as adsorbent. Especially, incorporation of the natural materials into hybrid hydrogels lowers the cost of water purification or treatment, which is the focus of water treatment industry. Polymer/clay hybrid composite hydrogels have received great attention because of their relatively low production cost and high adsorption capacity for some dyes and metal ions [21] - [26] . In many previous studies, several kinds of many absorbent composites based on some clay such as montmorillonite, kaolin, attapulgite, and mica sericite were prepared, and these superabsorbent composites showed high water absorbency and water retention, good salt-resistance, and low production costs in comparison with pure organic superabsorbent polymers under the same preparation condition [21] - [26] . Bentonite (BENT) is a type of clay mainly composed of montmorillonite that is a 2:1 type aluminosilicate. It has a crystalline structure with an octahedral layer of aluminum hydroxide between two tetrahedral layers of silica [21] [26] .
Sodium alginate, (SAL) is a natural, renewable, a non-toxic and naturally biodegradable polymer which has gained great attention in many scientific and industrial applications [21] [27] [28] . SAL produced from rich resource of brown algae is an ionic polymer of polysaccharides, and its molecular chains contain a large number of carboxyl and hydroxyl groups [21] [27] [28] . In near neutral aqueous solution, SAL is negatively charged from the ionization of its carboxyl groups [21] [27] [28] . The present paper deals with a preliminary report about swelling properties of a series of a novel hybrid/biohybrid composite hydrogel sorbent system containing polysaccharide/clay polyelectrolyte based on acrylamide (AAm)/potassium 3-sulfopropyl methacrylate (KSM) and SAL, and a clay such as BENT. In our previous paper, it has been reported swelling and dye sorption characterization of AAm/KSM/SAL/BENT hybrid/biohybrid hydrogels [21] . Here, AAm is a highly hydrophilic monomer, KSM is anionic monomer and SAL is a natural polymer. In this respect, a series of copolymeric hydrogels were synthesized by changing the content of KSM, SAL and BENT. Then, some swelling, and some diffusional properties of AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT and AAm/KSM/BENT/SAL hybrid composite hydrogels were studied in water and in binary mixtures of water-solvent by dynamic swelling studies for swelling characterization. Then swelling performance of the hydrogels was investigated in water and in binary mixtures of water-solvent (acetone, methanol and tetrahydrofuran) as a function of chemical composition of the hydrogels.
Materials and Methods

Preparation
Acrylamide (AAm), the initiator, ammonium persulfate (APS), supplied by Merck, (Darmstad, Germany), the activator N,N,N',N'-tetramethylethylenediamine (TEMED) were supplied by Merck, (Schuchardt, Germany). Anionic co-monomer such as potassium 3-sulfopropyl methacrylate (KSM) (Aldrich, Steinheim, Germany) and a multifunctional crosslinker such as poly(ethylene glycol) diacrylate (PEGDA, M n = 700) as a crosslinker were supplied from Aldrich, Steinheim, Germany, and sodium alginate (SAL) was purchased from Sigma, Steinheim, Germany. Bentonite (BENT) was purchased from Aldrich, Steinheim, Germany.
All chemicals were used as received [21] . The solvents that used in swelling studies, including acetone (ACE), methanol (MET) and tetrahydrofuran (THF), were supplied by Riedel de Haën, Germany. Chemically crosslinked AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid hydrogels, and AAm/KSM/SAL/BENT biohybrid hydrogels were prepared by free radical crosslinking copolymerization of AAm monomer with addition of an anionic comonomer such as KSM and a multifunctional crosslinker such as PEGDA. The modes of purification and specifications of the sources of water, the monomers such as AAm and KSM, crosslinker such as PEGDA, initiator such as APS and activator such as TEMED were given in our related study [21] . In our previous study, the water sorption and dye uptake properties of highly swollen AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid hydrogels, and AAm/KSM/SAL/BENT biohybrid hydrogels have been reported [21] . Briefly the procedures were described below. concentration of TEMED were added these aqueous solutions. In preparation, the solutions were placed in special cylindrical plastic molds (having 7.0 mm of diameter and 3.0 mm of height) (Figure 1(a) ), then, they were waited for an hour for gelation. After gelation, the samples were washed with distilled water by several times. Then, they were dried in air and vacuum, and stored for swelling studies [21] [24] [26] .
For the synthesis of AAm/KSM/SAL semi IPNs, they were prepared by using the same preparation method. But, 0.5 mL of water and 0.5 mL of 2.0% aqueous SAL solution was used instead of 1.0 mL of distilled water in the related preparation The photographs of AAm/KSM hydrogels and AAm/KSM/BENT/SAL hybrid hydrogels (as dry state or swollen state in water) [21] . AAm/KSM/BENT hybrid composite hydrogel systems were prepared by using the similar procedures. 0.5 mL of distilled water and 0.5 mL of 2.0% of BENT/water suspension system was used instead of 1.0 mL of distilled water in the related preparation method. For AAm/KSM/BENT (containing different contents of BENT) hydrogel systems, the same method was used as mentioned above with addition of 0.25 mL, 0.75 mL, and 1.0 mL of 2.0% of BENT/water suspension system to 0.75 mL, 0.25 mL and 0.0 mL water containing of 1.0 g of AAm and 60 mg KSM [21] .
AAm/KSM/BENT/SAL hybrid composite hydrogel systems were prepared by using the same preparation method, except that 0.5 mL 2.0% of aqueous SAL solutions and 0.5 mL of 2.0% of BENT/water suspension system was used instead of 1.0 mL of distilled water in the related preparation method [21] .
Swelling Experimental Studies
For dynamic swelling studies, the dried hydrogel systems were accurately weighted and transferred into water solution at 25˚C ± 0.1˚C in a water bath.
Water uptake with respect to time was obtained by periodically removing the samples from water followed by quickly blot drying and reweighing. The dried hydrogels were immersed in water, pure solvents, such as ACE, MET and THF, and water-solvent (ACE, MET and THF) binary mixtures at various compositions. The gravimetric method was employed to study the swelling characterization. Swollen gels were removed from water, pure solvents or binary mixtures of water-60% of solvent (ACE, MET and THF) at predetermined times, blotted dry and weighed again. Water, pure solvents and water-solvent binary mixtures were kept at 25˚C ± 0.1˚C to allow the hydrogels to reach equilibrium for solvent composition effect on swelling properties of the hydrogels.
In the next swelling tests, for the investigation of the effect of composition of solvent on swelling, highly swollen AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid hydrogels, and AAm/KSM/SAL/BENT biohybrid hydrogels containing 60 mg KSM have been swollen in binary mixtures of various compositions such as water-20%; 40%; 60% and 80% of solvent (ACE, MET and THF). From these measurements, some swelling and diffusion parameters have been determined.
Results and Discussion
Swelling Characterization
The water, some solvents such as ACE, MET and THF, or some liquids such as water-solvent binary mixtures intake of initially dry hydrogels was followed for 
where m t and m 0 are the mass of the swollen gel at time t and 0, respectively. The liquid intake of initially dry hydrogels was followed for novel AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid hydrogels, and AAm/KSM/SAL/BENT biohybrid hydrogels in water or binary mixtures of water-solvent (ACE, MET and THF. For swelling characterization, swelling isotherms of AAm/KSM hydrogels in water-60% of MET have shown in Figure 2 as representative. As shown in Figure 2 , AAm/KSM hydrogels have the lower values of S% in water-60% of MET. Figure 2 shows that swelling or sorption of liquid increases with time up to certain level, and then levels off. This value of percentage swelling ratio (S%) may be called as the "equilibrium percentage swelling ratio" (S eq %). The values Figure 2 . Swelling isotherms of AAm/KSM hydrogels in binary mixtures of water-60% of MET.
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of S eq % of the hydrogel systems are given in Table 1 . Table 1 shows that S eq % of AAm hydrogels is 808, but S eq % of AAm/KSM hydrogels are 1074% -2040% with the incorporation of KSM groups into chemically crosslinked AAm copolymers in water. Again, Table 1 shows that S eq % of AAm hydrogels is 76%, but S eq % of AAm/KSM hydrogels are 84% -124% with the incorporation of KSM groups into chemically crosslinked AAm copolymers, if AAm/KSM hydrogels have been swollen in binary mixture of water-60% of ACE. The other S eq % values of the hydrogels have been presented in Table 1 for binary mixture of water-60% of MET and binary mixture of water-60% of THF, too.
In Table 1 , the values of S eq % of the hydrogels increased with KSM content in the hydrogel systems. Hydrophilicity of KSM molecules becomes greater than that of AAm, and, therefore, the swelling of AAm/KSM is greater than the swelling of AAm hydrogels. AAm/KSM hydrogels contain strong electrostatic interactions within the structure due to many strongly charged groups of KSM units [21] . The swelling increase is probably due to an increase in the anionic properties. Here, the main effect is the hydrophilic characteristics of KSM. It is well [21] . When the water solvent mixtures were used, the swelling decreases significantly as shown in Table 1 . The values of S eq % of the AAm/KSM hydrogels are 76% -111% for water-60% of ACE, 68% -106% for water-60% of MET, and 73% -108% for water-60% of THF. Here, the reason of this decreasing of the values of S eq % of the hydrogels is the hydrophobic character of the solvents.
The hydrophobic property increases with the increasing of alkyl group of the organic molecular forming in gel structure. For this reason, the more hydrophobic groups in the solvents gave the less the swelling of the hydrogels in binary mixtures of water-solvent (in ACE, in MET and in THF). With the increasing of hydrophobic character of the swelling media, it can be seen that the gel shrinkage. Here for the gel shrinkage, the important reason, the hydrophobic character of the alkyl groups in the molecular structure.
The values of S eq % of the AAm/KSM/BENT hybrid composite hydrogels containing 1.0% of BENT are 1104 -2015 with the incorporation of BENT groups into AAm/KSM hydrogels, while the value of S eq % of AAm/BENT hybrid composite hydrogels is 802. To understand the effect of KSM content on the swelling behavior in water in water-60% of ACE, in water-60% of MET, and in water-60% of THF, the values of S eq % of the hydrogels versus the amounts of KSM were plotted in Figures 3-6 .
The values of S eq % of the hydrogels gradually increased with increasing of KSM content in the hydrogels. 
Equilibrium Water/Liquid Capacity
Here, m eq is the mass of the swollen gel at time t (equilibrium), and m 0 is the mass of the dry gel at time 0. The values of EWLC of the hydrogels were calculated. 
Diffusion
Analysis of the mechanisms of water or water-solvent binary mixtures diffusion into swellable polymeric systems has received considerable attention in recent 
Here, F is the fractional uptake at time t; M t and M s are the mass uptake of the water or water-solvent mixtures at time t and the equilibrium, respectively. Here, (n) is diffusion exponent, and (k) is diffusion constant. Equation (3) When the diffusion type is anomalous behavior, the relaxation and diffusion Figure 7 . Plots of lnF versus lnt for AAm/KSM/BENT biohybrid hydrogels in binary mixture water-60% of ACE. [32] . When the diffusion type is anomalous behavior, the relaxation and diffusion time are of the same order of magnitude [31] [32].
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The study of diffusion phenomena of water or water-solvent binary mixtures in hydrogels is of value in that it clarifies polymer behavior. For hydrogel characterization, the diffusion coefficients can be calculated by various methods.
The diffusion coefficient, D of the water or water-solvent mixtures was calculated using the following equation [33] [34]. 
Water/Liquid Sorption Rate
Other important diffusion parameter can be "water/liquid sorption rate constant" (K sr ). This parameter can be calculated by the equation below [21] [35].
( )
where t is sorption time, "K sr " is water/liquid sorption rate constant, F (described previously), and E are constants. For AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid composite hydrogels and AAm/KSM/BENT/SAL biohybrid composite hydrogels, the plots for their -ln(1 -F) vs t are shown in for water [21] . and AAm/KSM/BENT/SAL biohybrid composite hydrogels for water-60% of THF. For the reason of this, it can be said that the ring structure of the THF molecules. On the other hand, it can be said that more irregular forms could be occurred in cross-linked structure by adding of SAL and BENT.
SAL and BENT Effect on Swelling and Diffusion
For investigation of the effect of mass/content of SAL and BENT on the swelling and diffusional properties of AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid composite hydrogels and AAm/KSM/BENT/SAL biohybrid composite hydrogels, the related swelling isotherms and related swelling kinetic curves of hydrogel systems were constructed for swelling of the hydrogels in binary mixtures of water-solvent. Effect of SAL and BENT on some swelling
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and diffusion parameters of AAm/KSM/SAL semi IPNs and AAm/KSM/BENT hybrid hydrogels having of 60 mg KSM with different volume (as mL) of 2.0% of BENT-water suspension or 2.0% of aqueous SAL solutions were tabulated in Table 6 and Table 7 .
It was shown that an increasing of the values of S eq % of AAm/KSM/SAL semi IPNs and AAm/KSM/BENT hybrid hydrogels having of 60 mg KSM with different SAL and different BENT contents, when SAL and BENT have been added to the hydrogel systems. Incorporation of SAL and BENT into the copolymer network leads to higher values of S eq %. The reason of this increasing may be the polymeric structure and partially hydrophilic character of SAL and BENT. So, it was seen that increasing of the value of the S eq %, because of increasing of hydrophilic character at cross-linked polymeric systems. On the other hand, again it can be seen that similar characteristic behavior on the other some swelling and diffusion parameters, if Table 6 & Table 7 have been investigated.
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Effect of Solvent on Swelling and Diffusion
Swelling In Tables 8-11 , the values of S eq % of the hydrogels in binary mixture of water-solvent (ACE, MET and THF) are lower than the values of the hydrogels swollen in water. MET has got one alkyl group, but ACE and THF have got more than alkyl group from MET. With the increasing of alkyl group in the solvent, water diffusion can be affected by the structure of the organic molecules and the pores of hydrogels, hybrid composite hydrogels, and biohybrid composite hydrogels.
It was seen that decreasing of the values of S eq % of the hydrogels with the increasing composition of the solvents. A possible reason is due to the hydrophobic character of the alkyl groups in the molecular structure, in which their hydrophobic character increases with the length of alky groups. For this reason, the more hydrophobic groups in the solvents get the less the swelling of the hydrogels in binary mixtures of water-solvent (in ACE, in MET and in THF).
Again Tables 8-11 show that the values of S eq % for binary mixtures of 20%; 40%; 60%; and 80% of ACE are 1690% -97%, for binary mixtures of 20%; 40%; 60%;
and 80% of MET are 1212% -68%, and for binary mixtures of 20%; 40%; 60%;
and 80% of THF are 1361% -89%.
For the swelling of AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid composite hydrogels and AAm/KSM/BENT/SAL biohybrid composite hydrogels in binary mixtures of water-solvent (in ACE, in MET and in THF), it can be expected different behavior in water. This difference can be explained by the dependence of the ionization of the charged groups of the hydrogels in various compositions of binary mixtures of water-solvent. Because of the lower polarisability, higher hydrophobicity, and the lower hydrogen bonding occurring in swelling, the swelling value of the hydrogels can be lower than the swelling in water. Also for good description of content of KSM on swelling characterization, column plots of S eq % versus various contents of KSM for AAm/KSM hydrogels, AAm/KSM/SAL semi IPNs, AAm/KSM/BENT hybrid composite hydrogels and AAm/KSM/BENT/SAL biohybrid composite hydrogels including of various contents of KSM could have been discussed here again
